Abstract: A sediment record of cladoceran remains was analysed in a 543 cm long core from Plešné jezero (Plešné Lake), the Bohemian Forest, Czech Republic. The core covered the time period from the Oldest Dryas to the present. Littoral and benthic Cladocera included 11 species of the family Chydoridae while three species (Bosmina longispina, Daphnia cf. pulicaria and D. cf. longispina) lived in the open water. Remains of Alona quadrangularis and Chydorus sphaericus occurred in the oldest sediment layers from the beginning of the Bølling chronozone. Bosmina longispina and Daphnia cf. pulicaria appeared about 400 years later. Inorganic sediment accumulated at a relatively high rate of ∼90 mg cm −2 yr −1 at that time, diluting cladoceran remains and organic matter. Remains of Cladocera accumulated at 0.1 to 0.01 of the Holocene rate, making it difficult to observe effects of climate variation on the species structure of Cladocera in the Late-Glacial. Production of remains increased after warming during the Younger Dryas-Preboreal transition at ∼11.6 kyr BP, and the proportion of littoral species increased. The most important change in cladoceran fauna occurred at ∼10.5 kyr BP and culminated with afforestation of the catchment around 10.3 kyr BP. The domination of Bosmina longispina lasted for ∼250 years. The afforestation occurred concurrently with a decrease in lake water pH. Bosmina longispina and Daphnia cf. pulicaria disappeared, production of cladoceran remains decreased, but biodiversity increased. Planktonic Cladocera were represented by Daphnia cf. longispina during most of the rest of the Holocene. The production of Cladocera never reached the Preboreal level. Since ∼5 cal. kyr BP, the inferred pH continuously decreased. The final decline was likely caused by cooling during the Little Ice Age and by sulphur emissions from ore smelting. The recent acidification of lake water and impoverishment of aquatic fauna was brought about by emissions of sulphur and nitrogen compounds in the 20 th century.
Introduction
Climate factors significantly affect cladoceran species structure and production (Frey, 1986) . Consequently, distinct changes in the abundance of fossil remains, species diversity, and community composition that occurred in lake sediments can be used to infer climatic changes during the post-glacial period (Hofmann, 1987 (Hofmann, , 2000 Lotter et al., 2000) .
As a part of long-term ecological research in the Bohemian Forest, a long sediment core (spanning from the Oldest Dryas to the present) was sampled in Plešné jezero (Plešné Lake). Analysis of the long core followed previous analyses of several shorter sediment cores from Plešné Lake and other lakes in the Bohemian Forest (Krause-Dellin & Steinberg, 1986; Steinberg et al., 1988; Veselý et al., 1993; Pražáková & Fott, 1994; Veselý, 1998 Veselý, , 2000 .
Here we present results of the analysis of Cladocera (Crustacea) remains in a long sediment core from Plešné Lake located in the Bohemian Forest, Czech Republic. Our primary aims were to evaluate (i) the longterm succession of cladoceran fauna in the lake, and (ii) possible climate effects on the species structure and accumulation rate of cladoceran remains. The environmental variables which were considered to have major impact are temperature, pH and nutrient input to the lake.
Study site
Plešné Lake (1087 m a.s.l.) is one of eight small glacial lakes situated in Central Europe at the Czech Republic border with Germany and Austria. The lake is located in the relatively remote and uninhabited southeastern part of the Bohemian Forest (48 • 47 N; 13
• 52 E). The lake is dimictic, and currently mesotrophic (TP on average 11 µg L −1 ). It has an area of 7.6 ha, maximum depth of 19 m, and theoretical water residence time of about 0.7 years (MAJER et al., 2003; JANSKÝ et al., 2005) . The shore of Plešné Lake is formed by large granite boulders without aquatic vegetation, the only exception being a small stand of Carex and several submerged beds of Isoëtes in shallow water. The catchment of the lake (67 ha including the lake) is steep, with a maximum local relief of 288 m. Thin lithosol, podzol, and spodo-dystric cambisol are developed on granite. The forest covering most of the catchment is on average 160 years old and dominated by Picea excelsa. Recent (1961 Recent ( to 2004 averages of annual and July temperatures are 4.4 and 13.1
• C, respectively, at the lake elevation in the Bohemian Forest (Churáňov meteorological station; data of the Czech Hydrometeorological Institute). The lake is covered by ice ∼135 days yr −1 . Plešné Lake was acidified by air pollution in the early 1960s. Strong acidification progressed until the mid-1980s when pH of the water ranged between 4.4 and 4.7 (VESELÝ, 1994; KOPÁČEK et al., 1998) . Since 1986 the lake has been recovering from acidification MAJER et al., 2003) . The biological implications of the acidification have been treated by VRBA et al. (2003) , and NEDBALOVÁ et al. (2006) .
The zooplankton of the open water is dominated by the copepod Heterocope saliens (Liljeborg, 1863) and by rotifers. The phytoplankton is dominated by acid-tolerant green algae, dinoflagellates, and filamentous cyanobacteria (VRBA et al., 2003) . The past natural occurrence of fish in the lake is doubtful. The brown trout (Salmo trutta L., 1758) was introduced to the lake at the end of the 19 th century with poor results (VESELÝ, 1994; VRBA et al., 2003) . Currently, the lake is fishless. Occasional hydrobiological research has been carried out since 1872, and with greater intensity since 1990 VRBA et al., 2003) .
Methods
The core was collected in 1990 by R. Schmidt and coworkers (Institute of Limnology, Austrian Academy of Sciences, Mondsee, Austria) with a modified Kullenberg piston corer close to the deepest point of the lake. The core was cut into 3 cm slices. Wet samples were dried at 95
• C for 5 h and then digested in hot 10% KOH on a magnetic stirrer for 30 min. The digested sample was passed through a metallic screen of 40 µm and washed with distilled water. Particles remaining on the screen were transferred to a glycerin-alcohol (1 : 1) mixture and stained by chlorazol black (BRANDLOVÁ et al., 1972) . After evaporation of water and alcohol, the sample was stored in glycerine. Cladoceran remains (head shields of Bosmina and chydorid species, pairs of post-abdominal claws of Daphnia) were identified and counted at 100× magnification (FREY, 1986) . The results are expressed as relative abundance (%) and in annual fluxes of remains into the sediment (remains cm −2 yr −1 ); these fluxes are biologically important, being roughly related to production of Cladocera. Shannon-Weaver diversity index was calculated according to the equation
where pi = ni/N , ni = number of remains of species i, pi = the proportion of remains of species i, and N = Σni = the sum of all littoral remains. The 'chydorid-inferred pH' developed for nearby Bavarian Forest lakes was calculated according to STEINBERG et al. (1988) as: pH = 7.00−0.0012 [% (Alona affinis + Pleuroxus truncatus + Chydorus piger)] − 0.0398 [% (Alona guttata + A. intermedia)] − 0.033 [% (Alonella excisa)] From these, however, P. truncatus, C. piger and A. intermedia were quite rare.
For taxonomy, nomenclature and ecological characteristics of Chydoridae we followed FLÖSSNER (1990 FLÖSSNER ( , 2000 . For the genus Daphnia, identification to species level was impossible because: (i) the taxonomy of the genus is imperfect, and (ii) the post-abdominal claws retained in the sediment do not allow determination to the species level.
For chemical analyses, sediment subsamples were freeze dried. Concentrations of organic carbon (Corg) were analysed with a TOC 5000A analyser (Shimadzu). Total concentrations of CaO were determined by flame atomic absorption spectrometry after digestion with HF and HNO3. Total concentrations of rubidium and zinc (Rb, Zn) were determined by x-ray fluorescence spectroscopy. Accumulation rate of cladoceran remains was calculated from water content, dry mass and age.
Seven plant remains of terrestrial origin (birch leaf, bark, spruce needles, beech seed, flattened stem) isolated from five layers of the Holocene sediments were dated by accelerator mass spectrometry (AMS) 14 C in the Rafter Radiocarbon Laboratory, Lower Hutt, New Zealand. The absolute age of 3-cm sediment layers in the Late-Glacial part of the core was obtained by matching the bidecadal oxygen isotope (δ 18 O curve) of the Greenland ice core GISP2 with the curve of rubidium concentration in the Plešné Lake sediment. The maxima of Rb concentration were synchronised with the minima in the δ 18 O curve at five depths (Tab. 1) and plotted against the GISP2 age (STUIVER et al., 1997) . The relationship between sediment depth and age in the core (expressed in kyr BP in the Late-Glacial or cal. kyr BP in the Holocene) was constructed by linear interpolation between intercepts of the 14 C curve with calendar age (REIMER et al., 2004) and between individual depths of the synchronised δ 18 O and Rb curves (Fig. 1 , Tabs 1, 2). Errors of dating by 14 C-and Rb-methods are ≤ 200 years (VESELÝ, unpublished). The uppermost 50-cm part of the sediment was less compressed. The dating of this part of the core was improved by using characteristic peaks in lead (Pb) concentration in the 14 th and in the 16 th century AD (VESELÝ, 2000) , which are related to smelting in the Middle Ages and the Renaissance. The dating of the upper 10 cm was improved by comparison with another core dated by 210 Pb. The resolution of individual 3-cm sediment layers is ∼115 years in the Holocene and between 35 and 70 years in the Late-Glacial, depending on the sedimentation rate. Chronology of the core and accumulation rates of the sediment are presented in the Appendix.
The total period covered by the core was split into climato-stratigraphic units according to AMMANN & LOT-TER (1989) . The faunal zones I-VI were delimited visually with respect to presence-absence and abundance of cladoceran taxa. • -Rb concentrations in sediment synchronized with δ 18 O in the Greenland ice core GISP2 (Tab. 1); • -AMS 14 C dating was used in the Holocene (Tab. 2). The influx of cladoceran remains into the sediment, which was very low at the base of the core, peaked to 9 ind. cm −2 yr −1 in the Allerød (13.4 kyr BP), decreased in Younger Dryas, increased substantially after the Younger Dryas-Preboreal transition (11.6 kyr BP) and reached the absolute maximum of 272 ind. cm
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yr −1 at 10.5 kyr BP. After a sudden fall it stabilised at about 16 ind. cm −2 yr −1 for the rest of the Holocene (Fig. 4) .
The age of the basal sample was ∼14.6 kyr BP. The core was divided into the following six faunal zones (Figs 2, 3, 5):
The first faunal zone (zone I; 543 to 327 cm; ∼14.6 to 11.6 kyr BP) covers the entire Late-Glacial part of the core (i.e., the Bølling and the Allerød chronozones, and the Younger Dryas stadial) -a period about 3 kyr long when the lake laid above the local timberline. The vegetation around the lake was arcto-alpine tundra (Jankovská, 2006) . Alona quadrangularis and Chydorus sphaericus were the only cladoceran species at the bottom of the core. Acroperus harpae appeared ∼400 years later together with the planktonic species Bosmina longispina and Daphnia cf. pulicaria. Remains of Alona affinis were also found, but in very low numbers. Cladoceran remains and organic matter increased in concentration as high deposition of minerogenic sediment (∼90 mg cm −2 yr −1 ) progressively decreased. The apparent oscillations in relative abundance of remains were brought about largely by random errors due to low numbers of remains in the samples.
The rubidium concentration curve ( Fig. 5) confirms the division of the Younger Dryas (381 to 327 cm; 12.7 to 11.6 kyr BP) into two approximately equally long halves (Atkinson et al., 1987; Isarin & Renssen, 1999) , the earlier being colder than the later.
The second faunal zone (zone II; 327 to 282 cm; 11.6 to 10.5 kyr BP) includes approximately the first 1000 years of the Holocene. During this period, average annual temperature increased by 2.5-3 Lotter et al., 2000; Renssen & Isarin, 2001) in west Central Europe in several decades. The climate remained continental, lake water was slightly alkaline, and concentration of organic matter in the sediment was low. Afforestation of the lake surroundings started with the expansion of Betula and Pinus (Jankovská, 2006) . The ratio of planktonic to littoral species gradually decreased (Fig. 2) and the lake was the most productive based on chydorids. The influx of chydorid remains increased during zone II up to ∼100 ind. cm −2 yr −1 and Alona quadrangularis gradually dominated the assemblage with up to 70% of all chydorids, while Acroperus harpae and Chydorus sphaericus were also frequent (Figs 2, 3) . Alona affinis, Alona intermedia and Alonella excisa appeared already in this zone, but remained in low numbers. The two planktonic species, Bosmina longispina and Daphnia cf. pulicaria, lived in the open water, while the new immigrant D. cf. longispina was still rare. The influx of D. cf. pulicaria remains peaked in zone II. Diversity of chydorids started to increase at the end of zone II and continued to grow until zone IV (Fig. 6) .
The third faunal zone (zone III; 282 to 273 cm; 10.5 to 10.3 kyr BP) represents only ∼250 years spanning the period between two Preboreal climatic oscillations dated to ∼10.5 and ∼10.2-10.1 kyr BP, respectively Dahl et al., 2002) . These events, as well as the other two climate oscillations at the Pleistocene-Holocene transition (at ∼11.2 and ∼9.6 kyr BP), are identified by short-term decreases of C org concentrations in the otherwise increasing trend in the early Holocene (Fig. 5) . A climate oscillation at ∼10.5 kyr BP was characterised by increased rainfall, similar to north-western Europe . The continental climate which had persisted from the LateGlacial time terminated in Central Europe at that time also. Overall cladoceran production peaked in zone III (Fig. 4) due to the abundance of Bosmina longispina, the numerically dominant species for ∼250 years around 10.3 kyr BP (up to 84% of all cladoceran remains with an influx up to 272 ind. cm −2 yr −1 ). However, the high numbers of Bosmina exaggerate its dominance in plankton, as Bosmina are much smaller than Daphnia (Fig. 3) . The chydorid assemblage was the same as in the previous zone, i.e., prevailing Alona quadrangularis with abundant Acroperus harpae and Chydorus sphaericus. Alona costata and Chydorus piger appeared in low densities.
The fourth faunal zone (zone IV; 273 to 198 cm; 10.2 to 7.8 cal. kyr BP). Zone IV covers part of the Holocene from the afforestation at the PreborealBoreal transition to the Holocene climatic optimum. The beginning of zone IV has the highest production of organic matter; the sediment above changed to dark silty gyttja (Fig. 3) . Thin stands of Juniperus, Betula and Pinus in a forest-tundra landscape which characterised the previous period were replaced by a forest consisting of Corylus, mixed oak wood ("Quercetum mixtum") and Picea (Jankovská, 2006) . This change of vegetation in the catchment brought about an apparent drop in lake water pH, as is inferred from the change in chydorid fauna (Fig. 6) . The abundance of Alona quadrangularis decreased while that of Alonella excisa and Alona affinis increased. Acroperus harpae and Chydorus sphaericus were as abundant as before, the newcomers were Alona guttata and Pleuroxus truncatus. Remains of Alonella nana were found in this zone only. Diversity of chydorids reached values which remained stable for most of the Holocene. Planktonic Cladocera were exclusively represented by Daphnia cf. longispina, which fully replaced Daphnia cf. pulicaria and Bosmina longispina. The replacement of D. cf. pulicaria by D. cf. longispina agrees with the assumed decrease in pH (Hrbáček et al., 1974; Hořická et al., 2006) . The presence of large D. cf. longispina suggests the continuing absence of fish. The accumulation rate of cladoceran remains sharply decreased and stabilised at ∼16 ind. cm −2 yr −1 (Fig. 4) . The fifth faunal zone (zone V; 198 to 102 cm; 7.8 to 3.8 cal. kyr BP) started in the Holocene climatic optimum. The dominant trees of the forest became Picea, Fagus and Abies (Jankovská, 2006) . Post-abdominal claws and ephippia of Daphnia cf. longispina were almost absent and almost no pelagic Cladocera were living in the lake (Figs 2, 3) . The littoral and benthic species, Chydorus sphaericus, which was quite abundant (15 to 33% of chydorid remains) is known to occasionally invade the open water. However, this was unlikely in Plešné Lake, as it happens under rather eutrophic conditions (Frey, 1969; Hofmann, 1987) . Alonella excisa was almost as abundant as Acroperus harpae and Chydorus sphaericus; the next most abundant species were Alona affinis and A. quadrangularis (Fig. 2) .
The sixth faunal zone (zone VI; 102 to 3 cm; 3.8 cal. kyr BP to ∼1956 AD). Faunal zone VI started with the re-appearance of Daphnia cf. longispina (Fig. 2) , especially above ∼75 cm (after ∼2.7 cal. kyr BP, Fig. 2) . The relative abundance of Chydorus sphaericus declined until the species disappeared at 2.0 cal. kyr BP (Figs 2, 3) . The proportion of Alonella excisa increased again at the end of zone VI, forming > 40% of the total Chydoridae remains in the sediment younger than ∼300 years. The acido-tolerant Alonella excisa and Alona guttata (according to Steinberg et al., 1988) formed 67% of the chydorid fauna in the 3-6 cm interval and the chydorid-inferred pH decreased to 4.7, which was the minimum over the investigated period (Fig. 6) . Remains of Acroperus harpae, Alona. affinis and A. quadrangularis living in the lake from the oldest time were also present. Alona gutatta var. gutatta and var. tuberculata were relatively frequent only in this faunal zone. The present status of cladoceran fauna in the lake In littoral samples taken between 2001-2003 (both from a small Carex stand and the prevailing boulder zone) only four species of chydorids (Alonella excisa, Acroperus harpae, Alona affinis and Alona guttata) were found; the first being the most abundant, the last the least.
Discussion
Littoral and benthic Cladocera -Chydoridae, their relations to pH Most chydorids live in the littoral zone among macrovegetation, on the surface of stones and sand or in the profundal zone. Chydorid species inhabiting the lake soon after its origin are the same as those which have been reported to inhabit other European lakes in the Late-Glacial period (Hofmann, 1987 (Hofmann, , 2000 Flössner, 1990; Schmidt et al., 1998) . They are mostly eurythermic but cold-tolerant, with rather wide substrate preferences. Hofmann (2000) studied chydorids from Late-Glacial-Preboreal sediments of Swiss lakes located between 603 and 2,290 m a.s.l.
At all sites he found distinct community changes in the Younger Dryas-Preboreal transition, concurrent with climate amelioration. Our study found similar results.
A species with less broad ecological preferences is perhaps Pleuroxus truncatus (Flössner, 1990; Hofmann, 2000) . This species, occurring sporadically since the zone IV, is supposed to be phytophilic, with a few exceptions. In the shallow Bohemian Forest lake Laka, which has extensive submersed vegetation, P. truncatus is the most abundant chydorid species. Its low abundance or absence throughout the core suggests that submerged vegetation was presumably never abundant in Plešné Lake.
The distribution of Chydoridae in nearby lakes has led to the development of a 'chydorid pH-meter' (Krause-Dellin & Steinberg, 1986; Steinberg et al., 1988) for reconstruction of past pH values of lake water. Although criticised for lack of universality (namely the early versions of the computation formula) because of the rather broad pH preferences of chydorids (Hofmann, 1986; Flössner, 1990; Szeroczyńska, 1998) , this pH-meter resulted in meaningful results for the analyzed core (see discussion on the course of pH). Looking more closely at the method of calculation, both shifts in pH were indicated mostly by the increasing proportion of Alonella excisa in the total chydorids; an increase in abundance of A. excisa with acidification was observed by Nilssen & Sandøy (1990) as well. It may be that, although lacking universality, the 'chydorid pH-meter' could be applicable at least regionally for the indication of processes leading to acidity in oligotrophic, poorly buffered mountain lakes. The acidified Kleiner Arbersee (Steinberg et al., 1988) , where the chydorid-inferred pH agrees reasonably with the diatom-inferred pH, is in the same region as Plešné Lake, and the observed trends in the proportion of chydorid species are similar in both lakes. According to Nilssen & Sandøy (1990) , chydorids best indicate the pH history of a lake when the lake is fishless and have little or no macrophytes, so that indirect effects of changing pH upon chydorids are minimised. These conditions are met in most Bohemian Forest lakes.
Course of pH in Plešné Lake
The initial acid-base status of lake water during the Late-Glacial can be best assessed as slightly alkaline, which is based on numerous episodes of calcite precipitation in that period (see Fig. 5 and discussion on palaeoclimate forcing). Several independent lines of evidence suggest that the pH dropped during the catchment afforestation and again recently, due to anthropogenic forcing. The first drop of pH is indicated (Fig. 6 ) between 10.3 kyr BP (end of the faunal zone III) and 10.0 kyr BP. At the same time there is a distinct increase in zinc (Zn) concentration in the sediment, which is followed by a sudden fall (Fig. 5) . The mobility of zinc dramatically increases with decreasSuccession of Cladocera ing pH below 5.5 (Veselý & Majer, 1996) . Extremely high concentrations of Zn in the sediment (up to 1,200 mg kg −1 at approximately 10.1 kyr BP; Fig. 5 ) suggest that Zn was mobilised in the catchment but precipitated and deposited in the lake where pH of water was still higher, either locally or seasonally. The continual inflow of low-pH water finally led to the drop of pH in the lake itself. The ultimate reason for the leaching of protons could have been the development of humus in the catchment.
Another piece of evidence supporting the assumed decrease in pH is the replacement of Daphnia cf. pulicaria by D. cf. longispina (Fig. 3) . Their environmental preferences are discussed below in the section dealing with Daphnia.
The reconstructed pH infers stable or slightly increasing pH for the warmest period of the Holocene (9 to 6.5 cal. kyr BP) and a decrease in water pH for the period between 6 and 3 cal. kyr BP (Fig. 5) . A gradual decrease of pH in the time of Neoglaciation (ca. 5.3 and 2.8 cal. kyr BP -Matthews et al., 2005; confirmed that the acid-base status of lake water was temperature related, similarly to other lake districts (Psenner & Schmidt, 1992) . Higher temperature reverses the natural decrease of pH in poorly buffered lakes through links involving lake ice cover, primary productivity, and dissolved inorganic carbon dynamics (Wolfe, 2002) . On the contrary, enhanced The decrease of the inferred pH continued with the Little Ice Age (1550 to 1850 AD) cooling, accelerated with increasing human induced acidification caused by sulphur emissions from ore smelting (Jüttner et al., 1997; Veselý, 2000) and finally, in the 20 th century, by the long-distance atmospheric transport of sulphur and nitrogen compounds largely from power generation (Kopáček & Veselý, 2005) . The decrease of pH is also connected with a relative increase of Zn concentration in the sediment (not shown in Fig. 5) . From 900 to 400 years BP, Zn increased from 80 to 120 mg kg −1 , then stabilised, and finally increased to 220 mg kg −1 in the topmost sample.
The last stage of anthropogenic acidification, which culminated in the 1970s -1980s with pH decrease down to 4.4, could not be documented with use of the present long core. However, we know this stage from our own experience (see the description of the study site).
Diversity of Chydoridae
The Shannon-Weaver diversity index was generally low and variable in the Late-Glacial period in comparison to the Holocene (Fig. 6) ; the apparent variation in the Late-Glacial was brought about by the low numbers of recovered remains. The diversity index peaked in the zone IV (10-9 cal. kyr BP) at 2.6, when 10 from 11 chydorid species were already present. It stabilised for a long time at about 2.4 after 8 cal. kyr BP. The final decrease in the index started about 350 years BP, when the number of chydorid species remained stabilised at about 6. Currently there are four chydorid species living in the lake.
Pelagic Cladocera -Bosmina and Daphnia
At present there are no Cladocera in the open water of the lake except occasional immigrants from the shore or bottom zone. Three pelagic species occurred in the past: Daphnia cf. longispina until very recently, and Bosmina longispina and Daphnia cf. pulicaria which both disappeared 10.3 kyr BP.
Bosmina longispina Leydig, 1860. This small species appeared in Plešné Lake in the Late-Glacial (Bølling, around 14.3 kyr BP; zone I) and its production was the highest for a short time before afforestation of the catchment (zone III). B. longispina is an acid-tolerant species. In Norwegian lakes it occurs in a wide range of pH from 7.0 to 4.5 (Nilssen & Sandøy, 1990) . In Finnish forest lakes it was found in a pH range from 7.6 to 4.5, with an optimum between 6.8-5.2 (Sarvala & Halsinaho, 1990) . Thus its disappearance in Plešné Lake at about 10.3 kyr BP was likely unrelated to the pH decline. B. longispina does not currently occur in any of the Bohemian Forest lakes. Its nearest locations are pre-alpine lakes in the Alps. However, this species was abundant in another Bohemian Forest lake (Černé Lake) until the end of the 19 th century AD. Its remains also occur in the upper sediment layers of the nearby lakes -Čertovo Lake (Frič & Vávra, 1897) , Grosser Arbersee and Prášilské Lake (Schmidt et al., 1998) . In addition, Pražáková (unpublished data) found remains of B. longispina in the lacustrine sediment of Stará Jímka -a small glacial lake close to Prášilské Lake, currently infilled. A possible explanation of the early disappearance of B. longispina from Plešné Lake could be predation by the large copepod Heterocope saliens, an efficient predator of small zooplankton, especially in fishless lakes (Burkhart, 1944; . Heterocope saliens is resistant to acidification and has been reported from Plešné Lake since 1872 (Vrba et al., 2003) . Unfortunately, it does not leave any remains, so the time of its dispersal to the lake cannot be determined.
Daphnia cf. pulicaria. A Daphnia species of the pulex group also inhabited Plešné Lake in the Bølling chronozone and persisted to approximately the same time as B. longispina (to ∼10.3 kyr BP). The remains preserved in the sediment are post-abdominal claws with characteristic combs of spines. The pulex group in the genus Daphnia contains several species, which are not distinguishable by the claws. Most populations from European alpine lakes are identified as D. cf. pulicaria. However, based on molecular studies (Colborne et al, 1998; Černý & Hebert, 1999) , they are not identical to the North American species Daphnia pulicaria Forbes, 1893. We use the tentative designation D. cf. pulicaria, as we did in the lake Längsee, Austria (Schmidt et al., 1998) . In the High Tatra Mountains (Slovakia) D. cf. pulicaria lives in circum-neutral lakes above the timberline. Dystrophic forest lakes of lower altitudes are inhabited by Daphnia longispina (O.F. Müller, 1776) (Hrbáček et al., 1974; Hořická et al., 2006) . Daphnia claws with distinct combs in the early sediments of Plešné Lake suggest climate and vegetation that is typical for currently alpine (woodless) ecosystems in Central Europe. It can be assumed that Plešné Lake developed from an alpine, clear-water and circum-neutral lake to a forest, slightly humic lake with lower pH in the process of the climate change from the Late-Glacial to the early Holocene.
Daphnia cf. longispina. Post-abdominal claws without combs characterise Daphnia species of the longispina group. Daphnia longispina (O.F. Müller, 1776), D. galeata Sars, 1863, and D. lacustris Sars, 1862 occur in Central European lakes and cannot be separated by the morphology of remains. D. lacustris is a lineage of boreo-alpine distribution (Nilssen et al., in press ). Daphnia species belonging to the longispina group appeared already in the early Holocene (11 kyr BP, zone II) when it co-occurred with D. cf. pulicaria, but in lower numbers. Its abundance increased as the catchment became forested and D. cf. pulicaria died off (zone IV). Daphnia cf. longispina almost disappeared in zone V, reappeared in zone VI and finally died off
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in the 20 th century AD. Černy (1910) visited the lake several times at the beginning of the 20 th century. He identified the species of Daphnia from the lake as D. longispina f. caudata Sars, which is a synonym of D. lacustris Sars, 1862 (Nilssen et al., in press) . He was the last to report any live Daphnia in the lake. Daphnia longispina still occurs in Prášilské Lake, but members of this group disappeared from other lakes in the Bohemian Forest (Vrba et al., 2003) .
It is very unlikely that the open lake water was poor in any crustacean zooplankton for such a long time as ∼ 4 kyr in the mid-Holocene (cladoceran zone V), just because few or no remains of Daphnia were detected in the respective segment of the core. A possible explanation may be that the open water was dominated by copepods, which do not leave any remains. There is evidence (Černy, 1910) of the presence of three species of planktonic copepods in the 19 th and beginning of the 20 th century: Heterocope saliens, Cyclops abyssorum Sars, 1863 and Acanthodiaptomus denticornis (Wierzejski, 1887). Of these species, only H. saliens survived the era of anthropogenic acidification (Vrba et al., 2003) . Larvae of Chaoborus, an efficient invertebrate predator capable of suppressing open-water Crustacea in fishless lakes , have not occurred in the Plešné Lake, as their remains (mandibles) have never been found in the sediment (Tátosová et al., 2006) .
Palaeoclimate forcing and environmental conditions
The new method developed for dating the minerogenic part of the core allowed us to determine the age of the core bed to 14.6 ± 0.2 kyr BP. The lake itself is not much older because the small alpine glacier in the cirque where Plešné Lake is located probably thawed in association with the distinct climate amelioration around 14.7 kyr BP.
Working from the base of the core section upwards, there are about ten dramatic increases of CaO concentrations, all during the Late-Glacial period (Fig. 5) . Biologically induced precipitation of calcite occurred in the lake epilimnion when pCO 2 decreased. The amount of calcite that is ultimately incorporated into the sediments is a function of its production in the epilimnion and dissolution in the hypolimnion. The acid-base status of the lake was generally determined by rapid chemical weathering of carbonates in the bedrock and till, buffering lake water to slightly alkaline conditions.
We did not observe changes in cladoceran species structure in connection with the Older Dryas (∼14.1 kyr BP) and Gerzensee (∼13.1 kyr BP) cold oscillations probably because of the low concentrations of cladoceran remains in the sediment. The influx of remains was especially low in the Bølling and in the Younger Dryas (Fig. 4) . In the very early phase of soil formation (in the Bølling) there was likely enough soluble phosphorus from apatite (Kopáček, unpublished) , but generally a lack of bioavailable nitrogen. Thus, primary production (and through it, production of Cladocera and other heterotrophs) of the newly born glacial lake located on barren rock in the freshly excavated cirque was perhaps limited by nitrogen. Although winter temperature was not so severe in the Bohemian Forest as in north-western Europe during the Younger Dryas (Isarin & Renssen, 1999), the lake was ice-covered for a longer time than the present 4-5 months.
An increase in temperature of 2.5-3
• C within a few decades at ∼11.6 kyr BP (Renssen & Isarin, 2001) started the largest change in environmental conditions over the time span covered by the core. The climate was characterised by large seasonality (Pokorný, 2002) . Warming of the continental climate favoured littoral and benthic species to pelagic species (Alhonen, 1986; Szeroczyńska, 1998; Hoffman, 1998) . Evaporation and evapotranspiration increased, the lake level probably decreased and so did the share of pelagic species in total remains (Fig. 2, zone II) . The decline in CaO concentration already after the Late-Glacial-Holocene transition (Fig. 5) suggests the depletion of easily weathered minerals buffering lake-water in the LateGlacial. The exhaustion of rapidly weathering minerals probably limited the nutrient supply into the lake, especially the supply of phosphorus. It was not until the second Preboreal climate oscillation at ∼10.5 kyr BP that precipitation increased. The availability of phosphorus and nitrogen likely increased afterwards due to elevated import from the catchment and direct atmospheric input with rainwater. The humidification at ∼10.5 kyr BP was rapidly followed by a lake level increase and the dramatic increase in sedimentation of cladoceran remains, namely B. longispina (Figs 3, 4) . It can be hypothesised that the increased import of nutrients led to an increase in primary production and, through it, to the increase in production of cladoceran remains. Major changes in the species structure of Cladocera and the increase of their numbers in the sediment at the onset of Holocene has been confirmed by numerous studies; see Szeroczyńska (1998) for a review.
The Pleistocene-Holocene transition culminated with afforestation of the catchment at 10.3 kyr BP. A treeless landscape with rare dwarf forms of Pinus and Betula was replaced by a mixed forest dominated by Picea, Quercetum mixtum (Quercus, Ulmus, Tilia, Fraxinus, Acer) and Corylus (Jankovská, 2006) . The roots anchored soil, and slowed down physical erosion in the steep topography of the Plešné catchment. The accumulation rate of matter into sediment rapidly declined by ∼50% (from 10 to 5.5 mg cm −2 yr −1 ) and later declined to only ∼2.6 mg cm −2 yr −1 . Trees have additional effects on nutrient availability through lowered weathering, since they tend to lower soil temperature by shading and reduce surface albedo (Kelly et al., 1998) . On the other hand, mineral weathering under forest releases several times more base cations than in barren areas due to the deep penetration of roots (Berner et al., 2005) . The overall effect of the S396 M. Pražáková et al. afforestation was to strongly reduce the accumulation rate of cladoceran remains to the sediment. (Fig. 4) . The afforestation produced feedback to climate amelioration at the Pleistocene-Holocene transition, changing long-term abiotic forcing to new relatively stable biotic conditions for the remaining part of the Holocene.
